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Abstract

Background: In the rehabilitation ward, many elderly patients require continuous use of medication after a stroke or
bone fracture, even after discharge. They are encouraged to self-manage their medications from the time of admis-
sion. Medication errors, such as a missed dose or incorrect administered medication can worsen conditions, resulting
in recurrent strokes, fractures, or adverse effects. The study was aimed to identify risk factors, such as medication and
prescription, contributing to errors in self-management of medication.

Methods: This study was conducted on patients who self-managed their medication in the rehabilitation ward of
Higashinagoya National Hospital from April 2018 to March 2020. The patient background including age and sex were
investigated. The medication factors examined include the number of medications and administrations per day, dos-
ing frequency on indicated days, prescription and start date are the same, medications from multiple prescriptions,
and one package or one tablet at each dosage. The group of medication error cases were defined as the medication
error group and that of control cases as the no-medication error group. A logistic regression analysis was performed
for factors related to medication errors.

Results: A total of 348 patients were included in the study, of which 154 patients made medication errors, with 374
total medication error cases. The median number of medications in the medication error group was six, and that in
the no-medication error group was five. Statistically significant factors correlated with errors made during self-man-
agement of medication were the number of medications, number of administrations per day, dosing frequency on
indicated days, and medication from multiple prescriptions.

Conclusions: When a patient is self-managing their medications, errors are likely to occur due to a high number of
medicines they are taking and the complexity of the dosage regimen. Therefore, to prevent medication errors, review-
ing the prescribed medications and devise ways to simplify the dosage regimens is crucial.

Keywords: Medication error, Self-administration of medication, Rehabilitation ward, Medication factor

Background

Patients whose symptoms stabilize after acute stroke
*Correspondence: 194331506@ccmailg.meijo-u.acjp treatment or fracture surgery are admitted to the reha-
! Graduate School of Pharmacy, Meijo University, 150 Yagotoyama, bilitation ward. They are mainly treated through rehabili-

Tempaku-ku, Nagoya, Aichi, Japan
Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

tation to improve and/or maintain their activities of daily


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12913-022-07679-y&domain=pdf

Suzuki et al. BMC Health Services Research (2022) 22:292

living (ADL) so they can return to society. In Japan, reha-
bilitation wards allow long-term hospitalization for up to
180days, depending on the target disease and severity of
conditions. Many of the patients admitted to rehabilita-
tion wards are elderly and/or have underlying conditions.
They need continuous medication to prevent recurrent
strokes or fractures and to maintain and/or prevent exac-
erbations of their comorbid conditions. Therefore, appro-
priate management of medication is required.

There are two types of medication management in
hospitals: management by patients and management
by medical professionals, mainly nurses. In cases where
the patient is incapable to self-manage their medication
due to deterioration of their condition or decline in their
cognitive functioning, or when they are taking medica-
tion that requires careful management, such as narcotics,
nurses, and other medical professionals often perform
this task. In contrast, self-management of medication is
a method that is being implemented as the number of
patients with chronic diseases and the need for continu-
ous treatment is increasing with the aging of society. In
addition, self-management of medication is conducted
because patients themselves wish to face their own dis-
eases and manage their own medications in their phar-
macotherapy. Patients in this group practice medication
management as preparation for life after discharge. It is
necessary to accurately manage medication, but medi-
cation errors, such as missed doses or taking the wrong
medication have been reported.

In outpatient self-management, the relationship
between adherence, medication errors, and the Medi-
cation Regimen Complexity Index (MRCI), which is a
measure of the complexity of prescriptions consisting of
the number of medications and the number of admin-
istrations per day, which contributed to the medication
error, has been reported [1-5]. It has also been reported
that unused medication that remains after patients for-
get to take medication by self-administration leads to
increased medical costs and has become a health eco-
nomics problem [6, 7]. However, it was reported that
self-management of medication led to a reduction in
nursing time used check and administration [8], and cost
savings due to time savings [9]. And self-management in
the hospital setting has been shown to be beneficial in
improving patient satisfaction, adherence to medication,
and self-care skills [10]. Self-administration has been
reported to have a lower rate of medication errors than
that of administration by nurses [11]. Although, medica-
tion errors occurred in self-management.

Studies on the analysis of risk factors, such as prescrip-
tion background and medication, are lacking. Under-
standing the risk factors correlated with medication
errors is important for improving the quality of medical

Page 2 of 7

care. This may prevent errors from occurring and recur-
ring through self-management. This study was aimed to
identify risk factors, such as medication and prescription,
contributing to error in self-management of medication.

Methods

Methods of medication self-management

In the rehabilitation ward of Higashinagoya National
Hospital, physicians, pharmacists, and nurses check the
type and number of medications patients are adminis-
tered, their Functional Independence Measure (FIM)
[12], and a Mini-Mental State Examination (MMSE) [13]
from the perspective of medical safety. A self-manage-
ment training was conducted when patients were capable
of taking medication. When starting self-management,
pharmacists and nurses provided information such as
the name of the medication, its purpose, the number of
administrations, the timing, and adverse effects. We also
trained patients in self-management by ensuring that
they can open their medications on their own and under-
stand when to take them appropriately. We gave them
press-through pack and/or one packaged medication, in
which medications are placed in bags or other container
with dosing schedules. In this study, self-management
of medication was defined as self-management of more
than 1 day’s worth of medication. Based on the Ameri-
can Society of Health-System Pharmacists classification
system [14], medication errors during self-management
were defined as omitted medication, taking the incorrect
medication, taking it at an incorrect time, and taking an
incorrect dose.

Methods of recording medication error cases

The way to check for medication errors was to let the
patient who was self-managing leave the package of the
medication after taking it. Nurses subsequently checked
this package at each dosage time to ensure that the cor-
rect medication and dose was taken at the correct time,
as prescribed during the self-management training and
confirmed a medication error. In addition, when a medi-
cation error occurred, the nurse recorded the details of
the errors.

Survey targets and methods for extracting medication
error cases

In this study we included self-management medica-
tion error cases that occurred in a rehabilitation ward
between April 1, 2018, and March 31, 2020. We extracted
these cases by reviewing all nursing records during the
study period.
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Research items

This study retrospectively surveyed patient background
and medication factors based on electronic medical
records and dispensing records, such as prescriptions.

Patient background

This study surveyed the following aspects of patient back-
ground from the electronic medical records: age, sex, pri-
mary medical department, length of self-management of
medication, and length of hospital stay. This study was
also surveyed the MMSE score, functional independ-
ence measure-motor (FIM-M) score, which is the sum of
the scores of 13 items related to exercise, and functional
independence measure cognition (FIM-C) score, which is
the sum of the scores of five items related to cognition.

Medication factors

We surveyed the following medication factors from elec-
tronic medical records and dispensing records: number
of medications [4, 15], number of administrations per day
[4, 15], dosing frequency on indicated days [16], prescrip-
tion and start date are the same, orders prescribed by
more than one physician and/or by the same physician at
different times (medication from multiple prescriptions),
continuous use of medications received prior to admis-
sion, and not one package [17] or tablet at each dosage.

Research design and statistical methods

We conducted a case-control study to analyze factors
correlated with medication errors. A patient who made
a medication error was considered the case patient. In
addition, as one patient could make multiple medication
errors, each medication error occurring during medica-
tion self-management within the period of study was
considered as one medication error case. Then a patient
who didn’t make a medication error during their hospi-
talization was considered the control patient. The corre-
sponding cases were defined as case of a control patient,
the control cases were randomly selected from control
patients who were admitted to the same rehabilitation
ward at the time the medication error case was con-
firmed. If a patient made multiple medication errors, a
control case was included for each medication error case.
The group with medication error was defined as the med-
ication error group, and the group with control cases was
defined as the no-medication error group.

We compared patient backgrounds and medication fac-
tors between patients who made a medication error (the
medication error group) and those who did not (no-med-
ication error group) using univariate logistic regression
analysis. In addition, a multivariate logistic regression
analysis was performed by selecting medication factors
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(p<0.2 in univariate logistic regression analysis). We
confirmed the variance inflation factors (VIF), which are
indicators of multicollinearity.

We also calculated medication factors that were sta-
tistically significantly correlated in multivariate logis-
tic analysis for the medication error and no-medication
error groups. This study compared the number of medi-
cation factors in the medication error and no-medica-
tion error groups using the Mann—Whitney U test. The
number of medications was a risk factor if the number of
medications was five or more from the aspect of polyp-
harmacy [18], and if the number of administrations per
day was three or more from the aspect of adherence [19].

The significance level was set at 5%. IBM SPSS Statis-
tics Version 27 (IBM Corporation) was used to analyze
the data.

Ethical considerations
This study was approved by the Ethical Review Commit-
tee of the Higashinagoya National Hospital.

Results

Patient backgrounds

A total of 348 patients self-administered their medica-
tions during the study period. The medication error
group comprised of 154 patients who had medication
errors and 374 cases of medication errors. A total of 194
patients did not make medication errors and 374 cases
in the no-medication error group. The case group con-
stituted 84 patients with multiple medication errors and
304 medication error cases.

The backgrounds of the 154 and 194 patients who
made and did not make medication errors are shown in
Table 1. The median age of the patients who made a med-
ication error was 76years, with 79 men and 75 women in
this group. Furthermore, the median age of patients who
did not make medication error was 75years, consisting of
84 men and 110 women in this group. When comparing
the patient backgrounds of each group, age, sex, FIM-M,
FIM-C, or MMSE scores were not statistically signifi-
cantly different. However, compared to the patients who
did not make medication errors, those who made medi-
cation errors showed a statistically significant increase
in the duration of the hospital stay and medication via
self-management.

Medication factors

The medication factors for each group are shown in
Table 2. The median number of medications in the med-
ication error group was six, and the median number of
administrations per day was three. In the no-medication
error group, the median number of medications was
five, and the median number of administrations per day
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Table 1 Patient background
Patients who made a medication Patients who did not make a P
error (n=154) medication error (n=194)
Age, median (IQR), years 76 (65-82) 75 (65-82) 065
sex, n (%)
men 79 1)) 84 43) 0.149
women 75 (49) 110 (57)
Length of hospital stay, median (IQR), day 48 (34-71) 42 (24-57) 0012
Length of self-administration of medication, median 34 (24-57) 27 (15-44) <0012
(IQR), day
Primary medical department, n (%)
Neurology 65 (42) 79 @n 0.78 9
Orthopedic Surgery 60 (39) 81 (42) 0.60°
Neurosurgery 29 19) 34 (18) 0.75°
MMSE, median, (IQR), score 28 (25-29) 27 (25-29) 0382
Unknown, n (%) 18 (12) 44 (23)
FIM, median, (IQR), score
FIM-M
admission 61 (52-70) 64 (52-72) 0379
discharge 83 (76-87) 83 (77-87) 0379
FIM-C
admission 31 (28-34) 31 (28-34) 0407
discharge 34 (31-35) 34 (31-35) 0619

IQR Interquartile range, MMSE Mini-Mental State Examination, FIM-M Functional Independence Measure-Motor, FIM-C Functional Independence Measure-Cognition,

a) Mann-Whitney U test, b) x? test

Table 2 Medication factors

Medication error group No-medication error group P

(n=374) (n=374)
Number of medications, median (IQR) 6 (4-8) 5 (3-7) <0012
Number of administrations per day, median (IQR) 3 (2-4) 2 (1-3) <0012
Dosing frequency on indicated days, n (%) 22 (6) 8 ) <0019
Prescription and start date are same, n (%) 10 (3) 14 (4) 0419
Medication from multiple prescription, n (%) 194 (52) 124 (33) <0019
Continuous use of medication received prior to admission, n (%) 62 17) 63 (17) 0929
Not one package or one table at each dosage, n (%) 287 (77) 250 67) <0019

IQR Interquartile range, a) Mann-Whitney U test, b) x? test

was two. The medication factors that exhibited p<0.2 in
the univariate analysis were the number of medications,
number of administrations per day, dosing frequency on
indicated days, medication from multiple prescriptions,
and not one package or one tablet at each dosage. The
results of the multivariate logistic regression analysis of
medication factors are shown in Table 3. The medication
factors that showed a statistically significant correlation
in the multivariate logistic regression analysis were the
number of medications, number of administrations per
day, dosing frequency on indicated days, and medication
from multiple prescriptions. The VIF was less than two

for the medication factors, and multicollinearity was not
observed.

Number of medication factors that were statistically
significantly correlated with medication errors

The medication factors that showed statistically sig-
nificantly correlation in the multivariate logistic regres-
sion analysis were identified as number of medications,
number of administrations per day, dosing frequency on
indicated days, and medication from multiple prescrip-
tions. The median number of medication factors in the
medication-error group was two, which was statistically
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Table 3 Multivariate logistic regression analysis of medication factors
Medication error No-medication error Odds Ratio 95%(Cl P
group (n=374) group (n=374)
Number of medications, median (IQR) 6 (4-8) 5 (3-7) 1.1 1.0-1.2 0.01
Number of administrations per day, median (IQR) 3 (2-4) 2 (1-3) 1.1 1.0-13 0.04
Dosing frequency on indicated days, n (%) 22 6) 8 (2) 26 1.1-6.2 0.03
Medication from multiple prescriptions, n (%) 194 (52) 124 (33) 1.8 1.3-25 <0.01
Not one package or one table at each dosage, n (%) 287 (77) 250 67) 0.7 0.5-1.1 013

IQR Interquartile range

Table 4 Number of medication factors that were statistically
significantly correlated with medication errors

No-medication P
error group

Medication error
group

Number of medica- 2 (1-3) 1(0-2) <001
tion factors, median

(IQR)

IQR Interquartile range, a) Mann-Whitney U test

significantly higher than that in the no-medication error
group, which was one (Table 4).

Discussion

This study aimed to identify risk factors associated with
medication error during self-management. It was found
that the risk factor, such as the number of medications,
number of administrations per day, dosing frequency
on indicated days, and medication from multiple pre-
scriptions were statistically significantly correlated with
medication error. In this study, there was no difference
in patient background with respect to age, sex, cognitive
function, or motor function, except for the length of hos-
pital stay and the length of medication self-management.
This suggests that the influence of medication factors is
more important than patient background when patients
make errors while self-managing their medication.

The median number of medications in the medication-
error group was six. There was a statistically significantly
correlation between the number of medications taken
and medication errors, as previously reported [4, 5]. The
high number of medications might be a factor influenc-
ing medication errors due to their complicated manage-
ment. The median number of administrations per day in
the medication error group was three which was statis-
tically significantly higher than that in the no-medica-
tion error group. It has been reported that adherence to
medication when administered over three times or more
per day is lower than that of medications taken once a
day [19]. The results of this study were similar to those
reported in a previous study [19]. This may be because as

the number of administrations per day increases, there
are more opportunities for medication errors, such as
missed doses or taking the wrong medication. Elderly
patients often suffer from multiple diseases and are likely
to require multiple medications [20]. This leads to a high
number of medications and the number of administra-
tions per day. Therefore, it is necessary to review medi-
cations before discharge, considering the patient’s life
history. In addition, if patients are taking medications
that can be discontinued as their symptoms and labora-
tory values improve, the medications should be reviewed.

Furthermore, the dosing frequency on indicated days
was statistically significantly correlated with medica-
tion errors. Previous reports have shown that medica-
tion adherence was higher with once-weekly medications
than with daily medications. However, these studies
were based on self-reporting and medication possession
ratios [21, 22]. Therefore, it was not possible to confirm
whether the medication was administered on a speci-
fied day. In this study, medication confirmation was per-
formed by nurses at each dosage, and it could be detected
if a dose was missed or wrong medication was taken, dos-
ing frequency on indicated days of medication leads to
medication error. In addition, the patients in this study
took multiple medications daily, which included weekly
and alternate doses. This may lead to a decrease in atten-
tion and awareness of how to take these medications,
which could be a factor responsible for missed doses.

The presence of medications from multiple prescrip-
tions was statistically significantly correlated with medi-
cation errors. As the condition of the patient changes
during hospitalization, additional medications are added
by the attending physician and other physicians, result-
ing in multiple prescription configurations that must be
taken at one time. As a result, the complexity of medi-
cation management is considered a factor in medication
errors.

The number of medication factors in the medication
error group was statistically significantly higher than that
in the no-medication error group. The MRCI is an indi-
cator of prescribing complexity, but the MRCI is compli-
cated to score and does not include medication factors,
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such as medication from multiple prescriptions. There-
fore, the number of medication factors that are statisti-
cally significantly correlated with medication errors can
be easily used to predict the risk of medication errors.

One limitation of the study was that it relied on nurses’
records, which might lead to underreporting of medica-
tion errors due to omissions and mistakes. This study was
not able to assess patients’ knowledge and understanding
of their medications. However, there was no difference
in patient background at the time of admission and dis-
charge, such as FIM-M and FIM-C. Although data defi-
cits were present in the MMSE, it has been shown that
cognitive measures such as the MMSE are correlated
with FIM-C [23]. As there were no differences in the
MMSE scores, the effect of differences in cognitive abil-
ity was considered to be small. Therefore, it is thought
that medication errors when self-managing one’s medi-
cation are influenced by risk factors, such as the number
of medications, the number of administrations per day,
and medication from multiple prescriptions. Therefore,
physicians, pharmacists, and nurses cooperatively need
to reduce these factors after confirming the patient’s
condition and social background. In addition, this sur-
vey only included patients in the rehabilitation ward,
whose background may differ from that of patients with
other diseases. Therefore, in the future, it will be neces-
sary to conduct a survey regardless of the disease. In
addition, the length of hospital stay, and medication self-
management were longer in the medication error group.
This may have increased the opportunity for medication
errors, leading to their occurrence. Another limitation
of the study was that the length of self-management was
not considered a factor. This study was, for the first time,
able to identify the risk factors of medication errors. We
believe that these factors could be used to improve the
medical treatment of the patient and, thereby, medication
safety.

Conclusions

This study identified risk factors contributing to medica-
tion errors during medication self-management; these
were the number of medications, number of administra-
tions per day, dosing frequency on indicated days, and
medication from multiple prescriptions. To prevent the
occurrence of future medication errors, it is necessary to
review these factors.
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